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Abstract. The present study aimed to investigate the expres-
sion level of DNA mismatch repair gene (MMR) in in sporadic 
colorectal cancer (SCRC) in eastern China, and to investi-
gate the association between MMR status and prognosis of 
patients with SCRC. Patient archives from the Department 
of Gastrointestinal Surgery of Weihai Municipal Hospital 
(Weihai, China) were retrospectively collected between 
January  2011 and January  2012. Of the 221  consecutive 
patients identified, 192 patients who met the criterion were 
deemed eligible for inclusion. Immunohistochemistry (IHC) 
was conducted to detect the expression of MMR proteins 
MutL homolog 1 (MLH1), MutS homolog 2 (MSH2), MSH6 
and PMS1 homolog 2, mismatch repair system component 
(PMS2) expression and mutation in sporadic colorectal 
cancer (SCRC). Kaplan‑Meier plots and log‑rank tests were 
performed to conduct survival analysis and Cox proportional 
hazard regression models were conducted to determine inde-
pendent prognostic factors. The total rate of deficient MMR 
(dMMR) was 14.58% (28/192): MSH6, 0.52% (1/192); PMS2, 
4.17% (8/192); MSH2/MSH6, 3.65% (7/192); and MLH1/PMS2, 
6.25% (12/192). The dMMR group had a significantly longer 
overall survival time compared with proficient MMR (pMMR) 
group (P=0.017). Disease‑free survival time of dMMR group 
was also longer than pMMR group (P=0.027). Multivariate 
analysis using the Cox regression model confirmed that MMR 
status was an independent prognostic factor for SCRC. Loss 
of MMR expression was indicative of a favorable outcome for 

patients with SCRC, and MMR status could be viewed as an 
independent prognostic factor.

Introduction

Colorectal cancer (CRC) is one of the most common types of 
cancer worldwide and, according to cancer statistics in China, 
CRC incidence and mortality rates were fifth of all cancer 
in 2015 (1). In Eastern China, age‑standardized (Segi standard 
population) incidence and mortality rates (2) for CRC remain 
high. The occurrence and development of colorectal cancer is 
a process that involves multiple factors, steps and genes, which 
results from a complex combination of internal and external 
factors. CRC may be divided into two groups: Inherited 
colorectal cancer and sporadic colorectal cancer (SCRC), the 
latter of which accounts for ~85% of all colorectal cancer 
cases (3). In addition, it was reported that ~2/3 of all CRC 
tumors with deficient DNA mismatch repair (dMMR) were 
SCRC (4), and dMMR was associated to a favorable prognosis 
for CRC (5).

The process of CRC can involve three types of genetic 
alterations: Activation or upregulation of oncogenes, inac-
tivation or loss of function of tumor suppressor genes, and 
abnormalities or functional decline in DNA repair gene 
structure (6). MMR aids the maintenance of genome stability 
by correcting base‑base mismatches and insertion/deletion 
mis‑pairing generated during DNA replication and recom-
bination (7). Deficiencies in MMR are recognized through 
the presence of microsatellite instability (MSI), which can 
be identified using polymerase chain reaction amplifica-
tion of specific tumor microsatellite foci, or by a deficiency 
in expression of any of the MMR proteins, including MutL 
homolog 1 (MLH1), MutS homolog 2 (MSH2), MSH6, and 
PMS1 homolog 2, mismatch repair system component (PMS2), 
detected by immunohistochemistry (IHC) (8). IHC analysis 
of expression of MMR proteins is frequently used as it does 
not require a laboratory and the ability to identify the affected 
gene by detecting loss of its protein product. Furthermore, the 
IHC‑detected loss of MMR protein expression was highly 
concordant with DNA‑based MSI testing (9). Notably, to the 
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best of our knowledge, only the loss of MLH1 protein expres-
sion, observed by IHC, has been described in SCRCs (10).

Alterations in both the epigenome and genome occur 
commonly in colorectal cancer and likely drive the tumorigen-
esis process through activation of oncogenes and inactivation 
of tumor suppressor genes (11). The present study aimed to 
investigate the association between dMMR expression and 
prognosis in SCRC with long‑term individual survey. To 
the best of our knowledge, the present study is the first to 
demonstrate an association between MMR‑deficiency and the 
prognosis of an Eastern Chinese population of patients with 
sporadic CRC.

Materials and methods

Samples. A total of 221  patients with colorectal cancer 
underwent radical surgery treatments with open surgery or 
laparoscopic surgery in the Department of Gastrointestinal 
Surgery of Weihai Municipal Hospital (Shandong, China) 
between January 2011 and January 2012. All patients had 
been pathologically confirmed to have colorectal adeno-
carcinoma. Pathological stage was determined according to 
tumor‑node‑metastasis staging system of American Joint 
Committee on Cancer (AJCC) (12). The tumor tissues were 
collected from 192  patients and additional non‑tumoral 
normal epithelial tissue samples (~5 cm from the border of the 
main tumor lesion) were collected from 138 of these patients. 
A total of 16 cases were excluded with strict exclusion criteria; 
including, familial adenomatous polyposis (FAP), hereditary 
non‑polyposis colorectal cancer (HNPCC) based on Bethesda 
guidelines (13), mortality within 1 month of surgery, preop-
erative adjuvant therapy, and non‑colorectal adenocarcinoma 
(including neuroendocrine neoplasm and lymphoma) (14,15). 
In order to exclude genetic effects, patients with a known 
family history or those suspected to have hereditary or familial 
CRC, FAP or HNPCC were excluded. In order to exclude 
the effects of treatment, patients who succumbed within one 
month following operation and those who underwent preop-
erative adjuvant therapy were also excluded. One sample was 
diagnosed as neuroendocrine neoplasm.

A total of 16 cases were excluded, which included FAP 
(n=1), HNPCC (n=4), death from cardiopulmonary compli-
cation (n=1), neuroendocrine neoplasm (n=1), recurrence of 
colorectal carcinoma (n=1) and neo‑adjuvant chemotherapy 
(n=8). A further 13 of 205 cases refused to participate in the 
present study; therefore 192 cases were enrolled. The age range 
of the patients was 33‑89 years (mean, 63.2±10.8 years). A total 
of 112 of the patients were male (mean age, 63.5±10.8 years) and 
80 of the patients were female (mean age, 62.9±11.0 years). The 
median follow‑up time was 43.5 months. At the last follow‑up 
(January 2016), 107 patients were alive and 85 patients had 
succumbed to disease. An estimated 4‑year survival time 
for the entire population was 55.73%. The present study was 
approved by the Ethics and Scientific Committees of Weihai 
Municipal Hospital. Written informed consent was obtained 
from all participants in the study.

Immunohistochemistry staining. Primary antibodies, 
including rabbit polyclonal antibodies against human MSH2 
(cat.  no.  AP08394PU‑N), MSH6 (cat.  no.  TA326879) and 

PMS2 (cat. no. AP00189PU‑N) were purchased from OriGene 
Technologies, Inc., Beijing, China. Primary mouse antibody 
against human MLH1 (cat. no. sc‑56161) was purchased from 
Santa Cruz Biotechnology, Inc., Dallas, TX, USA. All speci-
mens were fixed with 10% formalin and embedded in paraffin 
at room temperature for 24 h, and each block was sectioned 
at 4 µm. All sections were deparaffinized and rehydrated in 
a descending alcohol series. Slides were heated (96‑98˚C) in 
1 mmol/l EDTA buffer for 20 min for antigen retrieval. Slides 
were incubated with 0.3% hydrogen peroxide to quench endog-
enous peroxidase activity at room temperature for 30 min, and 
non‑specific binding was blocked in 10% goat serum (DAB 
Detection kit (Streptavidin‑Biotin) cat. no. SP‑9000; OriGene 
Technologies, Inc., Beijing, China) at room temperature for 
1 h. Slides were incubated at 4˚C, overnight with primary 
antibodies against MLH1, MSH2, MSH6 and PMS2 (dilu-
tion 1:500). The subsequent steps were performed according 
to streptavidin‑peroxidase method protocols  (16). Then 
each slide was incubated with 30 µl of goat anti‑rabbit or 
anti‑mouse biotin‑conjugated secondary antibody for 30 min 
at 37˚C (cat. no. SP‑9000; ZSGB‑BIO; Beijing, China). A 
volume of 100 µl HRP conjugates were applied to the sections, 
and incubated in a humidified chamber at room temperature 
for 30 min. The primary antibody was replaced with normal 
goat serum (OriGene Technologies, Inc.) or PBS for negative 
controls, and nuclear staining of MMR proteins in normal 
colonic epithelium cells and lymphocytes served as positive 
controls.

Staining evaluation. The samples with >10% of tumor 
cells stained for any MMR protein were considered to be 
MMR‑positive. The criteria used for semi‑quantification of 
immunohistochemical staining included the staining inten-
sity and the percentage of positively stained cells. A range 
of 0‑3 was defined for classifying the intensity of staining: 
0, Absence of staining; 1, weak staining; 2, moderate staining; 
and 3, intense staining. Furthermore, extent of staining was 
scored as 0 (<10%), 1 (11‑25%), 2 (26‑50%), 3 (51‑75%), and 
4 (76‑100%) for evaluation. The final scores were calculated 
by multiplying the staining intensity by the extension (17). In 
the present study, all the final scores were stratified as nega-
tive MMR expression (0 score) or positive MMR expression 
(>0). The MMR‑positive group included low expression (1‑4 
score), moderate expression (5‑8 score) and high expression 
(9‑12 score). All pathological sections were reviewed by at 
least two experienced pathologists affiliated to the Department 
of Pathology of Weihai Municipal Hospital.

Statistical analysis. All data are presented as the mean ± stan-
dard deviation (SD) or the median SD. For example, data for 
OS or PFS were median ± SD, and data for age were presented 
as mean ± SD. SPSS 18.0 software (SPSS Inc., Chicago, IL, 
USA) was used for statistical analysis. Fisher's exact test and χ2 
test were used to evaluate clinicopathological significance of 
enrolled patients' characteristics in SCRC. The Kaplan‑Meier 
method and log rank test were used to calculate survival data. 
The Cox regression tests were used for independent prognosis 
factor analysis. Two‑sided P‑values were calculated, and 
P<0.05 was considered to indicate a statistically significant 
difference.
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Results

Patient characteristics. Samples from 192  patients with 
sporadic colorectal cancer who had undergone complete 
surgical resection were obtained in the present study (Table I). 
The age distribution of cases was between 33 and 89 years 
old and the mean age was 63.2±10.8 years. A total of 112 of 
192 cases were males and the mean age was 63.5±10.8 years; 
80 of 192  patients were female and the mean age was 
62.9±11.0 years.

Expression of MMR in sporadic colorectal cancer. To inves-
tigate the status of the MMR proteins MLH1, MSH2, MSH6, 
PMS2 in SCRC, an IHC assay was performed to evaluate the 
expression of MMR. Fig. 1 demonstrates representative typical 
IHC staining images of positive and negative nuclear expres-
sion of MLH1, MSH2, MSH6 and PMS2 in different patients 
with SCRC. Fig. 1A depicts tumor cells with retained MLH1, 

MSH2, MSH6 and PMS2 expression, which were regarded as 
MMR proficient, while Fig. 1B depicts cells lacking MLH1, 
MSH2, MSH6 and PMS2, which were regarded as deficient 
MMR. Stromal cells and lymphocytes served as internal 
positive controls and non‑tumoral normal epithelial tissue as 
normal controls (data not shown). In the present study, the 
total rate of deficient MMR (dMMR) was 14.58% (28/192): 
MSH6, 0.52% (1/192); PMS2, 4.17% (8/192); MSH2/MSH6, 
3.65%  (7/192); and MLH1/PMS2, 6.25%  (12/192). These 
differences in expression may be due to race, sample size, 
test methods and result evaluation. Distant metastasis was 
not observed in the dMMR group on count of sample number 
probably, while there were 5 cases of distant metastasis in the 
pMMR group.

Association between MMR expression and overall survival 
(OS) or disease‑free survival (DFS) in sporadic colorectal 
cancer. Patients were divided into pMMR and dMMR 
expression groups. Kaplan‑Meier curves and log‑rank test 
results for DFS and OS were demonstrated in Fig. 2. Patients 
with dMMR presented with longer DFS and OS times 
(median survival ± SD, 40±10.83 and 49±8.52, respectively) 
compared with those with pMMR (median survival ± SD, 
28±12.11 and 39±10.02, respectively) (Fig. 2; P=0.027 and 
P=0.017, respectively).

Table I. Clinical characteristics of 192 patients with sporadic 
colorectal cancer.

Variables	 Patients, n (%)

Sex
  Male	 112 (58.3)
  Female	 80 (41.7)
Age, years
  ≥60	 124 (64.6)
  <60	 68 (35.4)
Location
  Right colon	 40 (20.8)
  Left colon	 44 (22.9)
  Rectum	 108 (56.3)
Differentiation
  Well/moderate	 139 (72.4)
  Poor	 53 (27.6)
Tumor stage
  T1+T2	 42 (21.9)
  T3+T4	 150 (78.1)
Lymph node status
  pN0	 121 (63.0)
  pN1	 45 (23.4)
  pN2	 26 (13.6)
Metastasis status
  Negative	 187 (97.4)
  Positive	 5 (2.6)
Invasion
  Negative	 129 (67.2)
  Positive	 63 (32.8)
MMR status
  dMMR	 28 (14.6)
  pMMR	 164 (85.4)

dMMR, deficient DNA mismatch repair; pMMR, proficient MMR.

Figure 1. Representative typical immunohistochemical staining images 
of positive and negative nuclear expression of MLH1, MSH2, MSH6 and 
PMS2 in different patients with sporadic colorectal cancer. Tumor cells 
with (A) retained MLH1, MSH2, MSH6 and PMS2 expression, which were 
regarded as MMR proficient, and with (B) absent MLH1, MSH2, MSH6 and 
PMS2 expression, which were regarded as MMR deficient. MLH1, MutL 
homolog 1; MSH2, MutS homolog 2; PMS2, PMS1 homolog 2, mismatch 
repair system component; MMR, mismatch repair gene.
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Univariate and multivariate analysis of prognostic factors 
in sporadic colorectal cancer. To determine the association 
between MMR status and prognostic factors in SCRC, Cox 
proportional hazard model was used, and univariate analysis 
revealed that patient sex, age, tumor location, tumor differ-
entiation, tumor stage, lymph node status, metastasis status, 
invasion and MMR status were significantly associated with 
DFS and OS. Differentiation, tumor stage, lymph node status, 
metastasis status, invasion and MMR status were identified 
to be significant prognostic factors for DFS by univariate 
analysis. For multivariate analysis, differentiation, tumor 

stage, lymph node status and MMR status were independent 
significant prognostic factors for DFS (P=0.006, P<0.001, 
P<0.001, P=0.003, respectively; Table  II). Age, differen-
tiation, tumor stage, lymph node status, metastasis status, 
invasion and MMR status were identified to be significant 
prognostic factors for OS by univariate analysis. For multi-
variate analysis, age, differentiation, tumor stage, lymph 
node status, metastasis status, invasion and MMR status 
were identified to be independent prognostic factors for OS 
(Table III; P=0.003, P=0.047, P<0.001, P<0.001, P=0.027, 
P=0.004, P<0.001, respectively).

Table II. Univariate and multivariate analysis of prognostic factors for disease‑free survival in sporadic colorectal cancer.

	 95% CI for HR
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Factors	 B	 SE	 Wald	 P‑value	 HR	 Lower	 Upper

Univariate analysis
  Age (years)	 ‑0.358	 0.194	 3.398	 0.065	 0.699	 0.478	 1.023
  Sex	 0.164	 0.192	 0.732	 0.392	 1.179	 0.809	 1.717
  Location	 ‑0.044	 0.059	 0.555	 0.456	 0.957	 0.852	 1.075
  Differentiation	 ‑0.862	 0.188	 21.044	 0.001a	 0.422	 0.292	 0.610
  Tumor stage	 1.151	 0.226	 25.987	 0.001a	 3.162	 2.031	 4.923
  Lymph node status	 1.239	 0.123	 101.937	 0.001a	 3.453	 2.714	 4.391
  Metastasis status	 2.471	 0.471	 27.541	 0.001a	 11.834	 4.703	 29.779
  Invasion	 ‑1.033	 0.194	 28.264	 0.001a	 0.356	 0.243	 0.521
  MMR status	 0.599	 0.278	 4.623	 0.032a	 1.819	 1.054	 3.140
Multivariate analysis
  Differentiation	‑ 0.574	 0.208	 7.623	 0.006a	 0.563	 0.375	 0.847
  Tumor stage	 1.283	 0.232	 30.586	 0.001a	 3.606	 2.289	 5.680
  Lymph node status	 1.333	 0.149	 79.598	 0.001a	 3.793	 2.830	 5.083
  Metastasis status	 0.593	 0.503	 1.391	 0.238	 1.809	 0.676	 4.845
  Invasion	 0.324	 0.112	 1.892	 0.329	 0.672	 0.492	 1.168
  MMR status	 0.863	 0.288	 8.985	 0.003a	 2.369	 1.348	 4.165

aP<0.05. B, partial regression coefficient; SE, standard error of partial regression coefficient; CI, confidence interval; HR, hazard ratio; MMR, 
DNA mismatch repair. Wald was used to compare if there was difference between total partial regression coefficient and 0.

Figure 2. Survival analyses of the dMMR and pMMR groups. (A) The DFS of patients with SCRC with dMMR expression status was higher compared with 
that with pMMR expression status, P=0.036. (B) The OS of patients with SCRC with dMMR expression status was higher than that with pMMR expression 
status, P=0.035. dMMR, deficient DNA mismatch repair; pMMR, proficient MMR; DFS, disease‑free survival; SCRC, sporadic colorectal cancer; OS, overall 
survival.
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Discussion

Colorectal cancer is divided into two types, of which one is an 
inherited disease, including FAP and HNPCC, and the other is 
a sporadic disease (18). The genetic foundation of HNPCC is 
intimately associated with MMR, which has been well studied 
and proven (19). Approximately 15% of sporadic colorectal 
cancer cases have been confirmed to be attributable to the 
same processes and mechanisms involved in HNPCC (20); 
among which dMMR was a major type of genomic instability 
caused by a failure to correct errors during DNA replication. 
Mutation or modification of MMR genes (including by meth-
ylation) usually causes the absence of MMR protein expression 
and MSI (3). There are two ways that tumorigenesis arises as 
a consequence of MMR function. MSI can induce the activa-
tion of oncogenes or inhibition of tumor suppressor genes. 
Alternatively, deficient MMR directly brings about activation 
of oncogenes or the inhibition of tumor suppressor genes (21).

The MMR system involves nine proteins: MLH1, MSH2, 
MSH3, MSH6, MLH3, PMS1, PMS2, MSH4 and MSH5. 
Between 87 and 90% of all mutated genes associated with 
colorectal cancer are MLH1 and MSH2  (22). A study 
undertaken by Herman et al (23) demonstrated that 5'‑CpG 
hypermethylation of MLH1 of SCRC often led to the absence 
of MLH1 expression (23). In another study, Herman et al (10) 
proposed that inhibition of hypermethylation in the promoter 
of MLH1 of tumor cells with demethylating agents would 
produce the reappearance of MLH1 expression. Another 
study demonstrated that the loss of MSH2 expression was 

linked to missense mutations (24). Other previous studies have 
demonstrated that the mutation rate of MMR gene in SCRC 
was 10‑20% (25,26). Lindor et al (9) revealed that the absence 
of MLH1 protein expression was present in 20.4% cases and 
that of MSH2 was absent in in 8.8% cases in a sample of 
1,114 patients with SCRC. Other previous reports revealed that 
tumors in several patients with SCRC with a deficient MMR 
system were frequently accompanied by poor differentiation, 
mucinous subtype and occurred in the ascending colon, as in 
patients with HNPCC (27,28). In the present study, there were 
no significant differences in age, sex, tumor staging, lymph 
node metastasis or vascular invasion between the two groups.

Benatti et al (25) reported that mutations in the MMR gene 
may only affect early‑phase tumors, and were not associated 
with invasion and metastasis. Other studies have demonstrated 
that the outcome of patients with negative MMR expression 
with SCRC, concerning overall survival and disease‑free 
survival, were more favorable those for the positive expres-
sion group (29). In addition, there was a reduced relapse rate 
in the negative expression group (28,30). The results from the 
present study are in accordance with the conclusion above. 
In the present study, MMR expression status was associated 
with OS and DFS rates of patients with SCRC, and with one 
of the independent prognostic factors. The dMMR group had a 
significantly higher OS rate than the pMMR group (P=0.017). 
The DFS rate of dMMR group was also higher than those of 
the pMMR group (P=0.027).

In addition, MMR system detection may have vital predic-
tive and guidance value for colorectal cancer response to 

Table III. Univariate and multivariate analysis of prognostic factors for overall survival in sporadic colorectal cancer.

	 95.0% CI for HR
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Factors	 B	 SE	 Wald	 P‑value	 HR	 Lower	 Upper

Univariate analysis
  Age (years)	‑ 0.580	 0.227	 6.515	 0.011a	 0.560	 0.359	 0.874
  Sex	 0.188	 0.218	 0.744	 0.388	 1.207	 0.788	 1.849
  Location	 ‑0.096	 0.065	 2.198	 0.138	 0.908	 0.799	 1.032
  Differentiation	 ‑0.790	 0.212	 13.849	 0.001a	 0.454	 0.299	 0.688
  Tumor stage	 1.036	 0.248	 17.420	 0.001a	 2.819	 1.733	 4.585
  Lymph node status	 1.297	 0.134	 94.256	 0.001a	 3.658	 2.815	 4.752
  Metastasis status	 2.832	 0.482	 34.472	 0.001a	 16.978	 6.597	 43.696
  Invasion	 ‑1.015	 0.218	 21.655	 0.001a	 0.362	 0.236	 0.556
  MMR status	 0.813	 0.353	 5.307	 0.021a	 2.255	 1.129	 4.504
Multivariate analysis
  Age	 ‑0.789	 0.237	 11.232	 0.003a	 0.238	 0.278	 0.696
  Differentiation	 ‑0.459	 0.231	 3.957	 0.047a	 0.632	 0.402	 0.993
  Tumor stage	 1.070	 0.251	 18.115	 0.001a	 2.917	 1.782	 4.775
  Lymph node status	 1.270	 0.154	 67.866	 0.001a	 3.559	 2.631	 4.814
  Metastasis status	 1.126	 0.509	 4.892	 0.027a	 3.084	 1.137	 8.367
  Invasion	 1.072	 0.368	 8.482	 0.004a	 2.920	 1.420	 6.005
  MMR status	 1.175	 0.332	 12.496	 0.001a	 3.237	 1.688	 6.207

aP<0.05. B, partial regression coefficient; SE, standard error of partial regression coefficient; CI, confidence interval; HR, hazard ratio. Wald 
was used to compare if there was difference between total partial regression coefficient and 0, CI.
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chemotherapy. Several studies (31,32) have revealed that a defi-
ciency in MMR protein expression status may be a predictive 
marker of decreased benefit, and possibly even a detrimental 
effect, from adjuvant therapy with fluoropyrimidine alone in 
patients with stage II disease (29). Compared with patients that 
underwent surgical resection alone, treatment with fluoropy-
rimidine following surgery, exhibited a lower 5‑year survival 
rate. However, it has been reported that MMR status cannot 
be recommended to inform adjuvant treatment decisions in 
patients with stage  III CRC (33). National Comprehensive 
Cancer Network (NCCN) guidelines  (34) state that MMR 
testing should be performed for all patients with colorectal 
cancer diagnosed at ≤70 years, including patients diagnosed at 
older ages that meet the Bethesda guidelines, to assess for the 
possibility of Lynch syndrome. Poorly differentiated histology 
is not considered to be a high‑risk feature for patients with 
stage II disease whose tumors are dMMR (35).

There were certain limitations in the present study. 
Although MMR status is associated with MSI level, MSI 
testing was not performed. Secondly, MMR associated gene 
mutations were not addressed in the present study, including 
those to KRAS proto‑oncogene, GTPase (KRAS) and B‑Raf 
proto‑oncogene, serine/threonine kinase (BRAF). Mutation 
analysis for KRAS and BRAF, in addition to MMR/MSI 
testing may be beneficial for patients with CRC, in accordance 
with the NCCN guidelines (36).

In conclusion, the results of the present study demonstrated 
that MMR status, as an independent prognostic factor, has 
critical prognostic value in an Eastern Chinese population. 
MMR testing may therefore have potential benefits in clinical 
practice.
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